
Validation and Comparison of 
CFD-DEM and MP-PIC 
Simulations of a Gas-Fluidised 
Bed using Positron Emission 
Particle Tracking

Kit Windows-Yule, Dominik Werner, 
Hanqiao Che, and Jonathan Seville

School of Chemical Engineering, University of 
Birmingham 



Plastic Waste - A 
Global Challenge

Å~400 million tonnesper 
annum produced.

ÅEquivalent to the mass the 
human population every 
1.5 years

Å91% of plastic is not 
recycled

ÅOf the 9% that isnominally 
recycled, the majority 
forms low-quality second-
life products.



Waste Plastic Pyrolysis ÅWorking with 
industrial partner 
Recycling Technologies 
Ltd.

ÅEfficiently convert 
plastic waste into 
valuable 
petrochemical 
feedstocks and fuels.

ÅFluidisedbed 
technology allows 
large-scale processing.



Waste Plastic Pyrolysis

Modular design minimisestransport.
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processing.
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Benefits of modular design:
Easy & efficient to set up new plants
Ą network of local plants
Ąminimise transport costs

Affordable & accessible to developing 
countries
Implementable with little infrastructure
Ą Address plastic waste crisis where need 

is most pressing



{ƻ ǿƘŀǘΩǎ ǘƘŜ 
problem?

ÅProven concept Ą
commercial reality

ÅReactor 
hydrodynamics not 
fully understood

ÅImproved knowledge 
needed for 
optimisation

ÅLarge, opaque 
systems ςhow can we 
improve knowledge? 



{ƻ ǿƘŀǘΩǎ ǘƘŜ ǎƻƭǳǘƛƻƴΚ

ÅNumerical modelling techniques capable of accurately predicting 
flow dynamics of large, multiphase systems

ÅSeveral main options for gas-solid systems:
ÅCFD-DEM

ÅMP-PIC

ÅTFM



CFD-DEM (OpenFOAM-LIGGGHTS) vs. MP-PIC (Barracuda)

ÅParticles modelled as individual 
solid objects (DEM)

ÅIndividual particle collisions 
directly simulated

ÅAll physical parameters, 
including friction and 
restitution, directly 
implemented

ÅComparatively slow (generally 
limited to order of 1M particles)

ÅParticles typically modelled in groups 
ƻǊ άŎƭƻǳŘǎέ

ÅInteractions between clouds of 
particles modelled

ÅFriction and restitution indirectly 
modeledvia normal stress, BGK 
collisions, and similar statistical 
models

ÅComparatively fast (can simulate 
>100M particles)

Can either method faithfully reproduce 
dynamics of real fluidised-bed systems?

How can we rigorously test this?



Positron Emission Particle 
Tracking

ÅUses highly-penetrating 
gamma radiation to directly 
track the three-dimensional 
motion of particles through 
particulate, fluid and 
multiphase systems, with 
high temporal and spatial 
resolution.

ÅPEPT is uniquely well suited
to validation of numerical 
models

ÅDetailed, 3D images of 
dynamics Ą direct, 
quantitative comparison 
with numerical data

Å/ŀƴ άǎŜŜ ƛƴǎƛŘŜέ ǎǘŜŜƭ-
walled industrial systems
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Validation: Positron Emission Particle Tracking


